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NEL REPORT FORMATLS
INTRODUCTION

This NKL Repart Farmass publication provides authen and those who [repare reparts with a concise
reference pwide tn NRL's format requircmaents. The MRL Formur Guide, updated in 1997, is also available
for wour reference. 1L is available in printed form from your Site Technical Tnfommation Oftice (STIO) (e
below) or clectraonically on the TID Wb site at tid.nrl.navvmil/S230, html.

HOW TO USE TIIS 'UELICATION

This publication is orgranized in the same way as an NRL Report. starting witk the [rnt cover and
rading with an appondix al the back. Each compopent i illustrated with 2 sample snd explanatory text on
[acing pages, Not: thut the xample formats are shown in a ceducsd version: the measuTemenits are accuate for
an 8\ in, by 11 in. page. Tulonuacion iz providad in a FeneTic way £9 it ¢an be used with any word process-
ing or page layoul softysare program.

Lnits of measurc arc given in inches (and typographic paints where appropriate). The illustru-
liows bave boxed pates. The bold boxes apply (o the overulf page: the lishter boxes apply to
specific iems,

FEEDBACK

W solicil yoor comments on the material presented in this dogument. Contact your lecal STIO wich any
GuEstions O SERLesions yon may have.

SITE TECHNICAL INFORMATION OFFICES
Listed below are the STIOs for each NRL lecation.

NRL Washingum—Fax (202) 44-86%]

Tim Culderwaood Publicstions, Branch Caode 3230 (202} T67-2379
Kathy Pamish Editorial Sextion Cede 5231 (202} 267-3782
Judy Kugok Giraphic Ants Sectivn Code 5232 (22 767-2850

NRL Stennis --Fax (6071 68845072
Marvia Banker Technival Information Code 70321 (&601) 688-3429

NRL Montcrey—Fax (408) §32-4769
Sandra Huddlesten Puablications Saction Cade 7502 (403} 630-4704




2 Catderwood and Scaffiert

FRONT COVER

T ensure imifarmity of alt NRL Reports, FRONT COVERS ao prepared by 8110 prodoction
personnel.

Lhe. hick-thin doublz mic cu he cover und che: informiation ahove it raect the nequircmenrs of the Novy
Graphic Decipn Slundards ($ECNAVINST S600.20) tor official publicatians, The <jis lacation and ZIP
Code ars added to desipnale the tocation, of the OTizinator,

The ruled Line dnwn che lett mansn and across fhe bollum ane desigu afements wlded by NRL.

Repont numbceys are assigmel hy the STI0.

Sce Scction 2 of the ART. Formar Cuidde for deLails conaerning the varioms cover clenenty.
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A
1.7 in.
Naval Research Laboratory
Washington, OC 20375-5320
, 0.6 In.
NRIL/FRIABA0--07.0845 —f—

1.5 in,

<2 CHRISTINE: A Multifrequency

Parametric Simulation Code for
Traveling Wave Tube Amplifiers

2.65 in.
" 11 pt: Gape and small caps |

TMOMAS K. AKTUONSEN, Tu.
1 ot italic

Seience Applicarions Inzermationa! Corporarion

Melemn, VA _ 1 blank ling

BARUCH LevisH

Vacwum Elecironics Branch

Electronics Science and Technology Division
1in. (variabls)

May 5, 1997

‘ Covars are praparsd
12 pt by the STi0s

/- 9 pt Helvstica

Appravad for public releass; distribution 1s unlimmited
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Caldeniood und Staifieri

REFORT DOCUMENTATION YAGE, ST 29§

The REPORT DOCUMENTATION PAGE. SF 298, is the first right-hand pare. It is part of the frunt
mateer and ix numhered with 2 Rornan numeral ope “L" The 8T 208 is prepared in Ninal Foam b the STIO.

Lhe STIOs are responsiblc to ensure dsa the SF 208 is tilled oul cormectly for submisaion Lo the Detense
1ocmical Fafurmalion Clenter (DTIC ).

Fot those vhe wunt to prepare a drafl of the ST° ZDK, the STIOS have this form svailable in electronic
fermn. (Contact your STIO fur details.) The oxt of the furm is xee an 9- pint type. The page nomber is set in
Li-pulnt ivpe and is centered at the bultorn wich g {,5-31. ArEA.

Cicners] instractivos for complering the SF 298 are found ou the teverse side of the form,

The: mumbes & Block TS is the count of all printed psgas in the report, inchedin g COoVes,
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Coldsrwood and Swgfeer)
CONTENTS
The CONTENTS pugc is sct up as showh in the semple. There is no header un this pagz.
Margins—1st Pugc
Ineches
Top 2
RBotram 75
T.cft 1
Riaht 1
Margins—Y¥ollowing Pages
Tnchac
Top 1
Bottom 0,75
Ledt 1
Righr 1
Fontz
Title TIMES ROMAN BOLD 12-POINT FLLL CAPS
Texl Times Roman 11 paing
Fare nombers Times Rotan 11 paine

Duuble space between levels of headiegs. Try 1o limit the mumber of headings to twa levels in the
CONTENTS, but do not use mors than three fevols In any case. See the Appondix for altarnag ve Lypeluces.

Page Numbers
Text fremy

Individuu] lexl entries indicats the page on which they sre found m the body of Uie 1=xL. "The PRgc
tumbers ace placed Rush rirht with dat lgaders

Huige

The OONTENTS pagats). as part of the tiont amatier, i nuenborad with a lowercase Rurnar: numecalts)
beginning with “4ij ™

Lists of Fignres and Tables

Lises of figures and ¢ables me eplional. However, if the repott contains o large number of figurcs andsor
Lahles. such a listing mighr be desirable. These lists am given che ceatered titks of FIGURES znd TARLES.
They immediately follow the CONTENTS Pate.

Tf bath lists are used, diey du not huve 1o he an SCParate pazes; use two blunk lines to separate ¢hem,

“
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No haader on
thls pags 2 In.

1Z pt bold

/__ centerad

BXFECOTTET BUMMARY ..ccooooveee e vreenrens besreroess e vessseer et ememes s voms s s
~aE— | iM. = M TROILOMON ..o == TN

FORMAL METHDDRR. ...

Hisborical 138" L T mnremesasimme e e eerora
Whar Are Tureal M2heds .00l 10y mmriremrme e
WEhar Are cis Lim3ts ol Founal Mahed RN tremmetriences menses
Spoific Formal Tlelboly .coeviceiveee i o4 e o,

CASE BLMMARY e

Rupulaior) Clsmsr ..o
Cowentrzinl TMEre™ ..o
E;p]maj,u::, L 1 PR

BIETHOTIOTOY .ot s ceeaie oot s it emma s e et s v e e e e e

Astaz of Imgress ...
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(rSLURMINS .\ ey e ore cenereenaens
Amlyric Framework ... e, -
Chsser Amalysic ...o.ooineiinnnn,

SEEFIGL o vaseeqernrrnessomresanennmrsomnes
DOSUT ooeeecme e ecteents cr vrenrererssmanes
LT L

ANAINSLS OF FORMAL METIIODS R&ED SUMMARY 44eeeeiieeenec v s e e

Rapubuary Cluster .. .o covevpeeenie e
Commencial £iaslee . vee s vee v een e ecene
el OhRenTioes oo e

APPENDIX A-Foreml Metunk Toniques .oov. voeeenn s,

APPENDIX B Key Trenl COans ..o,

.75 In. 05 in.
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8 Calderwond wed Sygfiori

EXECUTIVE SUMMARY

The EXECUTIVE 50U MMN ARY (it nsed) follows the CONTENTS und precedes the st page of kel of
the brdy of the report. The EXECUTIVE SUMMARY s st up as shown je the sample. There ts no header
liue on this page.

Moarains—1st Page

Luches
Top 2
Bottom 0,73
Left 1
Right 1
Mourgins—rollowing Pugos
[nches
Top 1
Bottom (.35
Teft |
Rsirhe 1
Faonts
litle TIMES ROMAN BOLD 12-POINT FULL CAYS
Text Thines Roman 11 point
[Teadings See Regular Texd Pagr sampla ¢ pawe 123,
Paye number: Times Roman 11 print
IMape Numhers

The EXT:CUTTVE SUMMARY is munbered besinning, with page E-1 and cunlinuin £ with E-2
E-3, et

Tcaders and Footers

There are no headys or footers in the EXECUTIVE SLMMARY




NRL Report Formass g

No hesder om
this pags

2 .
I 12 pt. bold

‘r /_ centered

Tewte 11 pt EXECUTIVE SUMMARY

2 Hank lines
PTRODUCTION

Format methads ane mutbeenssicslly be3er wckniques. sF=m supparied bs seaacalee 100kt shar con

t—1 iN.— rHera rigorocs wid clleerres wae 10 model. desien and wncivar coaalgr spnems, This reprc sumomerizs - -1 jr7, —=
fix vegmirs of on independsnl stady W LZ 8508 in whish fmal mecods weo: apmolivy W LG GonsIICNTN

of indastrial vywtzne. A owjol sonrhision of the sody is thal Jores' wedosts, whils erill icmanare in

curlain impeetsaT RSpecss. are begmning W B used siricusly <ol sensisfnlly by indusery e dusigy and

cevelan cummules sysans.

{zanpdc's Atomic Brergy Conlrel Buvzd LAECH) b 1.5, NaEocal Instiulr of Svivecs u=sl TeshnodnZy
(NIST), ==l Ui U8, Nxwnl Research Laborwory fREL) secinusmionas this. sody e detsemine <he
indusizia) mark recard of femal metlieds e Jae 90 35 assess the effcacy of logmal ouelbads 162 e enng,
their rewids. The study Lad Unss main chieccves:

L. Te beler indotn erliberacians wishia indusry acd wovstneeenr on mundords and cegilatsons;
2. Tir prewide an nuchorituive maound i 3z placnenl avpetisnce oF Syl oitkods w dans, 9o
3. To weppesl acksa where fivcher ressarch and welwciogy dewnpment ore needed.

Thes= objeclives huw been sesenplishsd draugh the publizuivn of Gl 1200 The mpor: comsisks
of twu wlemae and this Tasculive Suowars Tas tnsr wihime is the asalysis ol O suppodzog dsiz
corasined in che secanc wilume Volun® One inciades a discussSun oe Garwial meiwode and 2 brisf
chars=!srizuiva of ke el and Telowed methads used 3n Uw cases. s gnmmory of che I2 e, a
deseriprian of che methodolayy us:d in G suney b eliser by elester analyss of U dats. & Cisenation
an the key eyiols wnd won:ng nsancarad wich sach vass. and ar acalysis of o1 farmz] methnds R&D
sumunacy; it corcldss with the findings, vbsenation:, unl constnsicms. The appendines w Yalowe O
crmiiin brisF bingrapmies of 4w sahers. brief chamzsetiztions ol 1L lomd webod2 nesd in rne cases,
the irftial quesliomraine, e GASSONORIr: used in pur stroziued necs w3, Ané orknvwledgements,
Wlane Twd coiuns deriled suonarting data vo 0 L2 caios.

Taough mnex me=aok. the spocsens bres b pineeizd Rah on arganizsd bady of systzmare
infarmatian. assszsmcals, ¢valuAnens and nheervacians tha: inlempoe) and Sshapalcs usefi) dora rn cases
of siznifieant industrial sl acc appdicdbllng 10 rat-warld praducts.

This Expculive Sunmary presenrs the follrering:

. & memacy of e oris Lusdinge oF che sthd
2. Baxauunshdanans foe comiruing RED it Gooznal nwsttsds,

FINDINGS ANEB RECOMMENDATIONS

The lullowaiy covwemacians are the resul of applving Jic capasist o7 e xnhors i 2nzlyzing s
AR,
b-1

072 in. 05 ik

Exceurive Summary




Calderwood and Staffier)

FIRST PAGE OF TEXT

The FIRST PAGE OF TEXT is iffereat from the suectrding text pages, The page namher for only iz
Dt page s eontered 0.5 in. Trism the bottom and is skt in U1 -potnt ' |inves Rorman usin rasArabic “[* (Puge
numbers in seeeceding pages an: contained in the headers.| There is no header on this page,

Margins—Ist Page
Inches
Tip 2
Bittom 035
Lefi I
Righe 1
Fonix
Title TIMES ROMAN ROLD 12-POIN'T' FULL CAPS
Teal Times Romoan 11 point
Headiag Level 1 TIMES ROMAN HOLD 11-POINT FULL CAPS
Heading Eevel 2 Jimes Roman Bold 11-point Initial Cape;
Heading [.cval 3 Tinwrs Komun 32 -point fatic
Heading Tevi| 4 Times Roman Bald 11-puint Tnitial Caps Indented
Heading Leve] 5 Taes Rumam 11-point indentedd Tnitisl ¢ APS—1Un ire with parugraph,
Heading Leve] 6 Ternes Rowen | [-print Indented Bnitial Capaf 1seward  run in with
pazagraph.
Headeors

There. is N0 header on the first gage of teat,

Footer

The “Mamiscerips approved [date]” faoter appears at the botlemn of the first page of deal. It is proceded by
3 0.007-3m. thick horizonta! baitline. This lie is 0.75-in. long followed by a hard reorn. The text |« 9-pvint
Times Roman flush beft under the finn and is followed by 1w hard setums. T Lhis fuoter oft atter page |
[ur the remeander of the doc ument.

The "Mimuscﬁpt approved |date]” is tukesn fram the Pablicalion Approval borm and s the dewe the
Livisien Superintendent. signed off oo the manescript.

Vertical Spacing

There are tweo Blank lines between the: Title and the skt of the text. Thee it voe blank line hetwean
paragraphs.

Thar: is one blank line hetwacn headings levels]. 2.3, und 4 and the toxe following these headings, The
lext beging an the same line afler heading levels 3 and 6.

N
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11

Ne header on
2in. this page

Text: 11 pt

!

I
¥

AN INTERNATIONAL SURVEY OF INDUSTREAL APPLICATIONS
) OF FORNMAT METHONIS

YOLUME ¢
PURPOSE, ATPROACH. ANALYSYS AND CONCLUSIONS

2 btank Inss
INTRODLCTION T oAk lne

Farm! metlunds e parhemniicn!ly based technicocs, Wlitn sopporrsd by reasming azls thal ion

i 1 jp. . iz 3 Ciponons and effecrive war W oudd, dusipa and snnlyze ermoater swesams. The paptes o Ul

shucly ds € ovduabe uweLiaticnal indnrial experienss ic usicg lrnal hethods, The enses selected ane,
we bulizee, repregenemise of indusmial-gead: projexs wed zpan o variery =F applizztion duenaing, The
swady had thrse min oljuociinss:

+ T hecter infurcy diliboianies's 9-nhin miustry and pavemnocol un stacdads 9od rarmlacirme;

* Tu poniide #n Suthoriarive recerd rn ke poazise” expeucites oF formnl methnds 4 date; and
* To xuggest 2reas when: [ulwe 12asceh and 1chmolrgy develapmenl ane ihaschad,

Lhzs shudy was und=ctakir by Uiess sgeme in formal methods and selwan CHRSuSi ) Thar
Craigen of ORA Canndn, Snzom Gerhar of Apglicd Fonud Mahodk. and Jed Ralsmn of Balsive
Reszarch Associancs, Rulin Bloowbeld of Aéeland was isolwd wilk th: Daclingron Mielenr Cian=rat
ing Srivu Shadowr: Spsmem cose. Brief bisgrapki:s o dhe authote Are in=ided in Anp=ndsx &,

Suppurl fur thus sTudy Axs proviced Ty prgarimiivas i Cucada and the Unird Sraves. The A-poic
Energy Cantral Buani o Cvamek. (AFCR) pravided supporl foc Dan Cruize end lor 1he Techainal
weliliup providkd v Karen Summecshill. The Navad Russacch Laboraoery (MRTY, Waskmgean, DC,
Prwided suppoct foe all Uace sUshers, Jhe 1.5, Natinoaa® busteule of Stanlaids ace Techmlogy (NTRTy
prurvichad suppot Bor Led Ra'strm,

This Gnal repect coesare nf aa walurmes Tris fst volume westiibet the gtz fmasl mechnds,
dhe cases that mees stuilied, vut SppsCh T perfarming the saly, anil our wealssis, lindnes, onc
LLECsiLs,

T seamd solumne of rax firal rport providss B domils on £33 Gagr siches. Por each af th= case
smdies, Wi presmol a vass UesCLiznion, mn-warize the informalion wEzinxl (Drown jmie=vizmy gnd rhe
Jiluntturc). provide: an Smnztion o the case, Bighlicht B&D kst Senining ta formol mezhnds. 2ml
Prwvice spens cooclusioms. Exlice duabis of the rocs scadies wers i wed by (b pslsvant FALTICipaTs.

From e authars” wirlysis of o 13 2205 and the sated RETS meuiy Lo s wo: e lsaed,

vibrar arcas aac SUEATAN Sor firnime RAD. Thase areas ae dew Jroen 1kt parricular ser of cages thar
we shidied

Marvscit appreved Mench 31, 1943,

1in,

0.8 In,

o— 1 i —

Fizsl page ul wext
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LEFT-HAND TEXT PAGE

A LEFT-TIAND TEX|' PAGE is thown an the facing page.

Margins
Inches
Top 075
Botiusm 0.75
Left i
Right 1
Header for Tefé-Hand Fapes

The header fur lefi-hend pazes contains 1he parermmber (fRosh laft) and the last name(s) of the awthor(s}
{flush right’ followed by a hurd recum (or 3 peims Lo ensime thas descenders do not mm o or wuch the
harizantal line,.

TF theee is one author, use the suthor's full name. If thers are two o three authors, use the first author’s
Jast names only, foflowed by “et al " fexarople; Craigen el al.). Note that there is no comma in fropt ot at al,

Text 35 10-paint Times Roman italic.

A fulf-widéh horizonta tins is placed under the heoder text. “I'his Tive it 0.014-in. thick and 6.5.in_ jon L
There shauld be a vortical space of §.023 in. afrer the Jine.

Vertical Spacing

There are ban hlank lines belw=en the title and fhe starl of the toxt, ‘There i5 one blunk line hotweoon
pardpraphs.

"Ficre is one blank [irs hetweon headings Jevelsl, 2. 3, and 4 and the text follewin £ these headings. The
text hegins on the same Fiee afier heading levals 5 and i
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2 Craigen, Gerhory, and Rnls:

FORMAIL METHODS

, Befor: proceviliag, we previck: nn hisrarical nermzsivs, eapain G e “formnl netods © angd imeoe
b —1{ {Fl—3Rr 4 o the broad spectram of formal uwllds feshmquas thar are cepresentel in gy sucvey. —1 In—

Historica Perspective

tar e mn decades, mumrchers bawe xptowed mouss ir she madematics of rcgmum gynlrzls aad
amalysis. The awicle “Assigohiy Marne o Prrograms™ [Tlonl 19981 staked 1L poa? of ke (1) sesambics
of progrmeming Lingagys, axd (23 spoctizrcion 91 rasoning shrue indvicam? yresmone. This 2oal cvoleerd
imr: che koo dbat of wndueiny sgpemions den defining huth laneuaps sanacus; and propmm mzaming y
relalionship: awouy preconcians. pogrm sewements, anl pusiewesdinara The irrigaing peusihidity of’
onecharizat poaf of progrums, o alicuwstiest henner s, peneration of progrums, vicllial mave cxplemmnp
srmems andl tbcertlicel e s Lem harrbess ) pruztival apalicuton w0es! (1) it was diffisale or caplun:
du Sl ssmamie 2ancere of prayriconiog Zeppuasts ald CPGIATIRT Snvitrmmenes. ac? (21 il was & WsanT
challenge 1o expruss Wb tulebonal nd remfimSional incecs Sor & proprsit ws G5 6oRcn of nee,

Imporinns Coneepts Levet 5

Reszaczh led ro momy Smpartars coocepls: Jarcrd didinitoang of crvambex larguagy Falizmes and jduii-
firzriom of p2Gdls o wumecessery and Quetry eomplex Jexsarss: weciiicalion Janguansd r ahsmme: daze
Lyos, vvottinnr poncekess. and shebuwl machinus; 3 agry o0 Zhimnztion hehind hierarchical sysiem
ATaSms; moaAlized!? Ingins chi: pErmited compulalived wastning abo FIOZmm propesties: and
tronies of damains such as sezuciy, syoclnuaous plocks, mizpprsessars, and compilize. Pratiical appi-
cartiome wece Liuod in these denaing anc. small-m.meddom s=8s exmples wis weie0 on. Indasrintia.
ticn began an e U $. ahour o decade apo thougsh Gis povcramenr mandace of oertification of sexmirily
propsmes

Practas wew 2 differsnt zoute. Verificalion was wehivan! (and ¢ofired) chrmugh cree bused neaserdng
Qe astng) with numerous seibcia Ml ammpies for goad wsing pracies (p=imsty Enziannl nnd
sleccusd coveuAgs). Raviews nrmovided e gricary miaens o Livleonsl conmnl; mental checking of desir-
2hl: preperties of systaus ender destlopment ong coe canoamilant somucusle=ion 2Monp e kehalder
(suzh e onumpers, desigros, wezrz, and docurneniers). Ilouriviv iwclasdokp’es fr srrazmred eceire
muel: alilysis sivd desien nffered addftSanal puiduwy gl sysrens thar captimed <he scmventianal wis-
dnen oF good struturs il patreudad & 22ramon mezns af sommunieation.

Yerification

Resscanchors deveomed a theoreccal aasy fic tusting and o sesthis, nithangh mosty reeative, sugenstl
warirme hewristes for testme thal ooy clutly $EOR%IMANS: 20 ideol iveres auzh esst cuse marl st thicg
wilk <o clands of svealine RIEr or demenskaticy oo vtz OF ¢seemess. The follzwing par-
Laphe sanaree rm this mfarmerica,

Hearishic Meviocdoinnis +— Hewristic mechadologdes (ram practio nést 2 paired nch rsench sterdion
Hirhrmph ahetroc: dars bpes gawe cise o Obierl-eernted Janzares onf methads, 1 add sven mure stancuce
and suppor Lo heunasto st dvetopniersy, Hifoar in chis 2rea is someatiat fiited srul ghiould L -
od far adéitional analysis. & acinbve o angdOLIANE ©INeE % and theit inrecrelabinrships oerd 1o e vxpluecd.

o7 in,

¥

Lef--band taxx ooge. 02 shuwing hewliog lovess
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RIGHI-HAND TEXT PAGE:

ARIGIT-HAND TEXT PAGE is shawn an the Facing page. ILdiffers from the lell-hand toxt page coly
in its beader.

Margins
Inchos
Top 0.75
Bofiurn Q.75
Ccft 1
Right [

Header tor Right-Hund Pages

The keader for right-hand pages containg A brigk or abbrevialed version of the report's title (flush [eft)
and the page number {flash right) tollowed by & hard retwen (or thicee punts o engure. that descendems do not
aum oo oF fomch the hurizantal linz).

Text is 10-poini Times Roman itafic.

A Jull-width horizontal Einc is placed onder the headay text. This fine i 0.014-in, thick amd 6_5-in. long.
After the ling should be a vertical space of ¢.23 in.

¥Yertical Spucing

There are twa hlank lincs Derweasn the tile und t staet of the sl ‘I'here js one blaok Lige hetwoen
aTagraphs,

Thete is one blank linz heeween headines levsls 1, 72, 3. and 4 and the text following these headings. The
text hogins on the samw [ins afier beuding Jevels 5 and 6.
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THizanationd! Survey of Indwserial Applicctions—Vel. ! . ]

Treredia’ neswy—Thooreuchl sl have alsa piaged o ol i gysiem develnpment e.e.. iy
11 ENEAEEION, 6ITCT Crymechinn, and eovryplicc algoridims Zr Sick and rebwirk skcags and ¢ats, STI'III:-"'*_1 in—m»
- h—m= CP9 pe:rmis Tepresenmrion and woanchivg of I hasrs aod amesssing of visus] lispssh,

Urher pamplevities ~Especially deonandang are fwnrizs and stalepies e nizuasing Gierthmred sam.
purttiom 2nd data om btk pliysicelly darribured resoaroes: and mulligeecessor compuring cystemes.

o unamer whot dachmical appeeach 25 appizd o sofrwere dewlapmsal, s sformedian pan
cessing nesds arise: maiolaictny; CenaIScanTy among, acd miclivibility 3F, nn inerwmen mass of doas-
ML Apetatifn; e prints nf viea o maoy siadcloldels. wirh consanl changy in cowter And fen
<hange in struclune of il mass, while e 52 o€ stakehaldocs also slauaes cver what wary be oeny yar
el 4 s’ B¢, Progmamming environmeols Lave svalved o sédvess chis nend: glentvee edslore,
oouligursricn runzgerent, datubuss popiosENM-are, graphica] inosrfaces. wil wage o oeenfinazing work
Bow among, a¢ well 93 wark praducts of groups ol syxeon stakehaldars. Parriedlarly inupuctart Aug finen
acsera hnt ore viened as wordby of ugt bryond rheir projsce comtea fop., selwai Somprmeces. docu-
meol leoplalcy, rev ks miidehnoks. wrroc 2ad produstivily darsy, Move reseanch will Be duws i Thid a0e
wn che futu-e.

Thresd in Praciice

Wt wnotier shrac in pracrice b bray b gosaors arzminn Eameil enio i peoc s aspanrg of cyenam
dimcbonetet; how on crgarietice ciatape? o139 iwprees ils intressuewre and specicic praceibings.,
White the bogic-based o of mathemacical approazhis © soem d=scripcicn was mRiuriny, 50 was
wkees brm: st stical eeasinizg dbout ceors and gt of relisbilily vves Lne, wirs rha nhisccve of
iwmducing indesirial gualsy somral ond axsozmoe praciSos

Tous we i the sening foc ' sucy 2nd the presz. iyt earh=mnlical wechaigues havs been
mzwciny by 35 1e5rg while nro madiemati:=] wtwiouts and merers] concernss fir precssy by Jriven
the prortee. [n the past fivs st patee nnscdaial avidinos iwdic.d that £2rma’ machrds ware bryio-
ming W be weal . wdisrial pracoze. 1z2ding W souswshi of te pressnt shody 1 oo Syzecar-
ivall> ardl facmnlly ohers ewe applivativos waie oaouTring, w3, and how Qi incilods wers heing nesd.

What Are: Formal Methods?

Deficilions uf formad mathies channd. I the FMEY nopuil (Craipen nnd Surmerskill 1989° . Jocml
eadlids Wi cofirad os:

“MiLxds tar agd mndemerical rigoe Lo e developmerr. onalvss. and vperation of conLpune:’
symems ard oo apolicalions basxd tengnpom,”

“...arz rochisig bl the applivation of appled mathemagizs—in A sus.. fo ool lngk -t the design
nd amallysis of sedlwaes-wlsnsIve eyerems,

[n mnce coocoele wrres, Uwws Lug Deen b rendency oo ke part of Uit T3040 wrhnds scommumine
deCire funcxd melluds an Grms of 4 HiThert myle wdomatenlee. For mamele, Rohin Bloomici] lus
Wetieed s merheds as fmllmy: \

“A satroms specifization and production iecdid. bnsad er n muthemari:at svesan. thal sopLises

thy fellowics:

075 in.

Y

Right-hand 1eat nage
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FIGURES

FPlace figuies as closs as possible to wheze Lhey arc first mentioned. Figures that are full-page i siza are

optically centered (a little ahove actual center). Avoid laudscape and fold-in figures il passible. See vour
STIO for datails on how tw handle these special-vuse figures.

Piscemeont

Center the figure horicontalty. Place it 0.3 in. below the baszline of the last line of toxt, There i 0.251n,
bstween Lhe brttom of the figure und the hascline of the firl Bne of the caption. Allow 0.3 {v, between the
haseline of the last line of the <aprion and the Lop of the nest line of texL Labcls and cullours anc set in
Helvetica and no smaller (bun & paints afcer tinal reduction.

Captdons ‘

the botam of the figure. Tyvpe ix Y-paint Times Rurnan. The fiest word i cupitalized—he others are not
(uiless it 35 a Farmal tatle), TLe caption docs not end with & period (even if it is 3 evmpleic sonrenesd wiless
it is follovied by olher senteness. IF space helow the figure s limited, captians may be plued hoside the
[yzure if there is room. The wonl fsum {5 abbreviated as 5 rr. There js an em-dash between tha fignre numher
and the first word of the caption. An em-dash iy equal in length wo the type size,

Center the firure caption below the fi gurz. The baseline of the Bt ling of the caption is 11725 in. below

Type Size

Toxt figuees are <ol tn 1 D-pning imes Roraan,

TABLES

Tlace wbles within the text as close as possiblz to where they ure first mentiongd.

Placcment

Cealer the tabfe horizontally. Place i1 0.5 in. helow the lact line of Lext, starting with: the frst line of che
tuble titls. Allow one hard esturn {017 1n,) berween e Lasl tinz af the title and tie wop of the tatke. Allow 0.5
In. belween the battome of the tabde and the next linc of text.

Titles

Center the whic title 0,25 jn. above he tuble. Type is 11- paint Times Roman. Werds in the bile {excopt
for articles] are Initial caps. The titlc docs ant @1 witl a period {(cven if it i3 8 conlete sencence unless jt
is followed by uilher sentenees, Place an emv-dush hetwoen th: rable nunber and the first ward of the Gile An
em-clash is equal in len wth b the 1vpe size, In this cace. the em-dash is 10 pointz long becanas <he type is 10
puinl in size. W che tide is wnere han ons sentenee, oy the first wonks ure. capitaljzod.

Lype Size

Tables are set in 11-point Times Roman. Kreep tablzs within the image area of the page (6.5 x |0in.y. To
fir the: area, tables roay he setin a smalley type £ize tbul nir smaller than § peints}.
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PATTERN RECOCNITION ALGORTTHM

Suppose. me. bave o rigitized J ) isnsge 1 wwd 1Lat this i errsmived with 1 masd ur kool & of 8123
(i = 1% (2% + 1) 1¢ frm irunscaled imege . The varial-kos imvcled are carined hy Tukle 1. Toe pouass
of aptmizalion, us iewn in Fip. 1. comprises a sauch G b juask o) |52 dnmaiz, oc sec af asceplable
masks, X coc whith 76, &) Iz teximgn.

Josw el

Tobk: 1— IxCindins nf Vadiables 025 in
Objssr P Clasg © Darwint
thizinnl Inage gl | rijEY xp=(r
1€
lejzy
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maCZ BLUK ST

waomrmarie o adwallichsan et ” Rde s ¢ 3 v errchar
FFsdenwr'nrn oy kerhie g, ecs Ko bz eaiman alét s wire v an ks rre e,

.5 In,

. Apis Unbehog Dx=myrz|
Trafning [T JYF AR * (41 Y L]
Tagnbigr I FTMiwleh,
—

0'25 iﬂ. Fiz 1 - $cheozds ciagmem of acinzimens LrysLd=160t 2 0 Syseem
05 in. 9 pr
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APPENDTIXFS

Appendizes Gl used) follow the main Budy of text and contain supplemental information. A1 thongh rhey
stand alone. they st be mentinned in the text. They are serup in the same manner a5 ehe first pegees ol Lext
with lwn excoptions;

v The headers for left and ciyhi-hand pa ECS continue, except nn the first page of zuch appendix,

v "there is ne “Muanuscripe approved | date]” footer.

Murging—1st I*age
Lnches
Top 2
Bottom 0.73
Lt 1
Right I
Margins—TFollowing Pages
Inchex
Top 1
Battom 0.759
Leli 1
Rkight 1
Title

The wand “Appendix™ ou the first pape starts 2 i (rom ¢he eop. ‘Fhore is a blard line betweon the
Appendix designation and the tle, Both are szt in 12-point beld Tines Roman in fall caps,

Text

There are (wo biank lines hetween che last line of (he title and the first Fine of the wext. Text on thc'
succeediny pages begins at the rop of the e
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1 iy, —-

Hepresentatione Lliom?

Ne haader on )
R 2in.
thie pags | 7Z pt boid
l centers

—————

A p[!endia A

FORMAL METRODS TECHNIQURS

Text 1 pi
2 blank lines P
SOFTVARE 08T REDUCTION (SCR)

The dxsariprica prosanied bage 35 kased om mer e =rnafine of the wuek performed 2: Unna Hyd 2o
i e Darlingtrm shtéown azem?, Tl uurk jncbadue avidntemery enharownane ¢ (Heury 197N fry
Parnas. hic 330820, wod ulber;,

- | In.—»
How: i Method Vierks

Yedular reproacniavices of sedmzne raqu-nenints (escsibzid inoa bluzkkox meomer) and of Pragram
cunericng, Inothe Jeier cass. che tohles am ~aTlsd "Bt Juncive hblss™ and, emeerdnllp 5 *sLueyes:
pust cuditice™ descriztinns nf a proceduse. Tl s.romsest pase sandicicr eApJiciey it low = varatle 3
wddnal b a poecsdur=. Alsa inchiced grs “hakwgs tahls, ™

Tir: hulaz appegzrt 13 Gesetuolis soltwar; rquinnenhs is dxrived fooon tue work pecfarmel 20 NRT.
Enr rhig tasen. we =i che approach “RIN-anvle, ™ The derivaliun of pragzm fuscrian sk vz gl the usy
of prowefs (desteid buline) wens eoc ner o the inirial Solk un e SCR

Sieps Ivrformed

T Daclinglen pootect was gemernlly 5 rewrge Grineetizg saincive. The crde alvendy scimed whic
they develnperd dhe ecculicatinns wml atker mhles., Proot; vere meqwned W iemanserase that 5 roapn:
specificatiom wug wpi-Llant 00 W pougcem Fnctar, desrwpror. Proof wels pelonmel hs hund, dymph
it vuudkd be me:Samires.

Cot Frkneer “ehloz wzetify baw the sutpests. o 0 propis funstive 1l ety e used as inprg 1o sdoe
peogram fim=tien makeg 1035 theuzgh oo linkge eahles thae all the physical Wpuls und progrim varinkies
thin e un clfect oo a plwsical spr 2 idevtitied. Sim3ar Enkzge ol exigt 1 (o wrxilizuivr.,
Heare, Jinkagy t3bles help oo modalnrizxe g destrplives of che spacfication 2= cocs

lolrcscive hetween nsynehrwey proocaas was viewed as incerporescs 100 Q0usuicy vin Sred dab
o328, Bauh prusces had §ts o speeicicmuons aod propru. Fanzting whies. Preesss wese acabyadd
spArRely ard the process ibezastion wae handled wapanucly Itam pngram furerion ™t auelysis,

Tacls dpptied
He spatelo Livls sxis? to suppan ke SCR-eryle of decumeniative. Tonls ore epored 1o b ey lupuil,
The mingsr post sondsiive wx)isiy st how 2 vazsole i wified s o procedum,
it

OB n .
05 in.
¥

Appendir
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CLASSIFICATION MARKINGS
Covers and SF 298

Prepared by the STTO.
Livery Page

The overall classification af the repert is tvped at die top and borroin af each page, as shown, centered in
14-point bull Tlelvetica (or Atial or Univers) full caps. This requires modification of the headers and footers.

Headers

The headers ate modified by adding nwo lines at the rop of the header. The first line is for the page
classification: the gecond line is 4 blank spacing line, The 1op marsin is wet a1 0.5 in, for af PuECS,

Footers

T'he boftom margin is changed 1w 0.5 in. for ull papes. A fooleris set up Lo irisest Lhe l;epuﬂ classification
ceatered ot dhe bottom margis of vach page. The “Manuscript approved [dare]™ Footer must be moditied by
ichling Llwo fiaes 10 (he bottom. The botwom line is for the page classification: the noxt Yine vp is a blank linz.
Condents

A security elassification is indicated in parentheses immedistcly follewing cach heading and fitle.
Text

Enter a classification matking fulluwing the GLE: and pnxcadin o every hesding and paragraph.

The parugraph classiGeation carrrvover stataimant, e.£., "((L) paragrapd contimies)” is N0 longer required,
Footnotes

Eater a clussification marking Tollowing the title ad preceding every heading and paragraph.

Lxumple: *(UN This is a fantnote.

Each footrote receives a classification marking.

Figures
The classification of esch figon: is 1vped contensd, full caps, in 9-pinint Tlelvetliva (or Arial o Univers),

0.25 in. below the figure. The figure caption is plaved 0.065 i beluts the classificarion. The fipurs is marked
even il 1l is vnckassifed
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Caption

The classitication of the figure caption is placed after the cm-dash following the fisure number aml
befors the first word of the caption (e.g., Fig. 16— The citption).

Tabivs

The classificativn of wach whle ix typed contered, fifl caps, 9-poitt Helvetica {or A or Univers), 0.25
in. below the tatle.

Titde

The classification of the table title s placed afier the table number snd beforc the first word of the title,
2.z, Table 2—IN The Title).

Appendixes
All elemenes of an appendix are bandlel the surne us et TiLges.
Lnclassilied Appendix in s Classified Report
Althaegh an unclassified appendix docs not require headings or paragraph markings, it most cary the

followiny statzment in 12-point bold, initial caps. ceniered above the cifle and appendix desismation an the
firsr page of che appendix.

(This appcndix is unclassified)

A sarople 3 shown on pape 33.

Blank Pages

Blunk puges have the follawing statement cenrered on the page. “This page intemlionally L=ft blank."
These pages are aumbzrad.
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CLASSIFICATION

Naval Research Laboratory
Washington, DC 20375-5320

NRLFR/GSUN-07.0845

CHRISTINE: A Multifrequency
Parametric Simulation Code for
Traveling Wave Tube Amplifiers (1))

Ti0MAS M. ANTONSEY, IR

Sctence Applications frternatiomal Corporation
Melfean VA

BaricH TevisH
Varuum Elertranics Branck

Electronics Svivnce wad Technologs Division:

Wy 5§, 1967

Exempt froen DisrFoulian o Debeasy Techmica® Infeorcativn Cenler
In socualance witk Dol I=stouztivm 514238,

Deaived Fovn nliipls Sonomesa
Dectaeate Dl X1, X4

Turthe éisseminglion onlv as drecled by Cocmuniicg Ofices, Maved Rerean Labucaory, Washington, DMC 200575-
5320 July 1592 ot higher D) autbi!y.

CLASSIFICATION

Closatied cover
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CLASSIFICATION

REPORT DOCUMENTATION PAGE
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EXFCUTIVE SUMMARY (U

(0} INTRODLCTION

Ui Frma® medaode nre narhamisesally based ieanicuss, Wiz supsotied by reaseniag saes thac
@ vibor & ciurces 2ud sl way U oade!, desten and anolym camgmoe- systrma s Lapen
SurnnRuaet the nasulls of s uklopsandent seady of 12 cesss fnwhick Giroiz! nethods were zpolier miraz
vunstrucliae of grustnial syst=ms A majrr sanchxira of the gudy =5 shar fome) meods, whus stil.
IWRROETAIG LA E3L00IN LpeAwl sespotts. wr brpiuming Lo s used serioasly and suz2essfelly by indisiry m
<dzxden and develrn crmpurar syemra;,

(U Counda™s Aleoiic Bavryy Cunlnd Boand (ATCD), che (1.8, Natinne] Enstiomre o€ Scoorr aur
Tazhrnlaps CNISTY. and 12; LS. Kevad Bl Lasupitory (NRL) commissivned this sady o derrmcne
the iesdustrial (wk nevanl o Surma” medhads tn date and 2 astess the effichcy of frnal matod: v
hicering oo awedds The <oy trd dus: crun chjsaivss:

L. (U} T batwr infunic. dliberaton witsin indesisy 2l pevesmasnt rr. sandards, 20 rERilan
Lo IW9EA prowade 3 1 mathorisnvs ireord on the poesicl expeticnce of Tusmal matboils o caes; arc
3. M T supgen onezs whene Rartker resaech nnd rechroloay dvwsopireny; ane pesd 3.

(N These nhjeztivac seve hesn zecamphished sy The pallizaiion oF ILis sepect. Tl rsoen
Conzlsts 2l T vSlumes ol i Taccutive Suiwrary. The fine wilims is Fw aralveis of e CTpCTire
data coerzined Sn dhe secrod volame, Valume Cmz inelices & L300 2 En!, cethdds e o il
chgrazrization of the Jurme! amed relaisd metbads used oo e cakzs, 0 arama-y of rha 12 rases -
Jezezipran oF e iwt@iddelopy usal in U survcy. aclustyrby cluskers aneiysis of the carx, a discizsean mm
the k=y er1=nis and tivving assasivted with ensh noss, and g aorlyiis ¢l ouz Jouoe aavtheds XD
susicniany; it cooJudes with e fundiaes, nhsscvarions, 2nd conzlisiens., Tra appeadiee 10 Wlg ez Qpg
eancair brizf hiagraphwg of sha slines, Dilgl ghe et Bmilions of 1 formal maleds esed in e =2, e
ioilial guestiunosyics, the queslicomaine ciod i oer strien:red ircerviewa, and ackag@iedpsments \iglyi :
Lo SONELS JCLCISd supporiuYe, dars, oa e 12 cows.

1 Throagh these reeans. Lhe spansors have bean rewided wich ar arsaaeed body st et

infarmanien, essegrerss, samneons and oty dlions il ierpr wrd ealmapolate uscfl du oo s
of sigmiticant ‘ndivseriz] sl and applizshilicy v real-warie proclusrz,

(L Tais Cxesative Semmary presens the Faliow:ne;:
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AN INTERNATIONAL SURVEY OF INDUSTRIAL APPLICATIONS
OF FORMAL METHOUS ()

WILITME 1
PURPOSE, aPPROACH, ANALYSIS AND CONCILUSIONS (0

)} WIRODDIICTION

(U3 Fesnal onecheds sue ntamiciocice)ly bazed taduiques. o supponsd by [ERaning oonlz thar

an offer p Lannens and sffestive way re iwndsl. dascn ang ara e ompmrer eixmms. The amess of this
smuly iz 1p exaliaee intermuli:nal mdusiriol experience fn usine fomad meciods. The cas selsced arn, we
belwece, PSAICHENIAIN OF itkinern: e s RMErs and 3pan A oy of applienmnn domnira I'he shidy
had tyree mzin ohjschves:

* {I°) To heter irsan= deliberatians nithia ndusiry 20d grwermen: on standusds and regulalicns:
® ALY 0 provide an anrhorirarive recsrd oo i pencrizal expariznas of Farraal snchrds o edote; znd
L) To suggewx areus whene Fune research anil kchrokpy ivelupoenl are nocdel.

U1.) Thie smdy 325 ancertaken hy thoes expers in éarms] methnds ond snftazre ergineering: Dan
Craigen L0 OB A Quada. Susan Gealisi 0o Appoial Fauned bdeshieds. ;e Ted Ralston of Ralseon Regeatza
Asg0zlaies Fowa Boanfinkl of Adelard was invalsed wich ehe Liarknpean Ninclear {ieremating Statom
fhutdrem Systers case. Seief boopmphivs ot e zuthacs are inzluded in Appendix A,

L) Suppa Sor chis sody was provided by negardmtians in Camsdz and the Tnited Sotss. The
Atounic Eaarzy QuiiezL Boad 9 Cutads (ABCBY puowiced suppout for 13=n Crazmen and foe the tehningl
editing prmﬂ:d o Raren Sumsnerskili. The Nivel Ressarch Loharacary (NRT ). Daskinelon, DC, pravil-

el supaart for all e sutbars, The U5, Natizmal fstitube of Stardsnds 0 Techoology (NLST) previded
suppori Bor “Led Raimon

(U This lical nopoo, senscsts o lwo wiuoes., This licst wlnes duestiibes il gnuds. foewe] mxcheds.
Uiz cases thar w et gndied. cur 4pvarosch m performing the sucy, ard qor anzly<s, findings. onc sanclu-
SIENs,

() "Jbe second vhame of the firal =pan pravides da G2mils an the case sucisy Tic each of the
cusk sludics wo preseid A Case destigCive, suteunadse Uw inducalon kinee (Frar “merviews ane: e
lisezernes), provads mn eeainitior of the mame. highlighr RAT ispss rectairing 1o farmal methailc. and
Trivice soome cocelusives. Barloe doalls ol Qe vase stedivs wone cimdswad L B sty pamiripanys,

(] Toom <he oolkors” 2salyvxis of e L5 Gees amil e stated RED nocds [ oss we wilerewet.
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2 Craigen. Gerlian, i Relston

U FORMAL METHODS

(L) Before proceoting. we previde an lisiorical penspective, explain the term *faomal
methods™ aod intraduce the brosd specteuz of Gorrl roefhls techniques that are repreecnt-
od o the curey

(0 Hstarical Pecspuctive

(L1 Tor crner 4w deradez. resersohors have 24plond Wenes o the enliermikics of propram
srthesis and analyeis. The article “Awipring Mesming o Propmms”™ [Fiosd 1968 stared e
roal of both {£) semantics of progrummmg Laniapes, apd (2 spevitication and ssssnay
abowt individual progracns, T goal evolved o the key idea oF indicrive asserim, Fun
definiog both dsnguape cemamizs pod Frozrim meaning be elationslips wncay precnedi-
bioms, prgrim sar=mesms, sod postcooditioas. Tl inkeiguing pessibilicy of machany:al progt
ol proerams, or nlegoatively. beocstic peneration of prograns, viehled iwany explongory
syslerns anil thergetice] msipfus. Two barTicrs to practical applicatiun arcse: [} it weay CiffE
cule to zapruee the full scmantic coatent of prugramming limyiages aod opzrating cnvitor-
mees. and (2) it was a coisoan ehalleoge ko exprexy the fimclicnal and noofunctional intenc
for & taogran i i cuntex) o s,

L} Imnorsant Corcepey

(1)) Reseizsh led t0 many importer: oncepts: sormal defirstinn. nf zomphex [aopunme
teanrres and idenrificarion of pizfalls of wus:zossary azd avesly vimplex features; specifica-
fiom Tmguames for sbstrant data types, consuricut pruzesses. arcd shemic) machines, 1 theory
ul abstraceion bebind fiierarchical system stigensies; inechz nizible I that pzeoiced com-
putational reasoning, sheur piogeant proqertivs; and thenriee af Awmains such £ SCCUTI'Y,
synchronous closkz, mivecptozcssoms, sl vacepiling, Prachival applications wepe found in
thesz domaine and saoll-in-imediln scale esaiples wrre wurked vud. industrializaior began
inthe U.5. abow a decade ages tirvagh the wyrernment wiangdzte of remrification of securicy
propertics.

(T Practize wenta differeol soare, \eridcnton was achieved (and defined) throual case-
based reanouing L+, wstingd with mimerons exieria aod stcarzaies for good testing piaztice
(primarily functional and snosteml coverpe), Reviews provided the primary meens of incl-
lectual enntre:l: memal checiing of Jesicable propertice of ssstoms wadse davelupinent arnd The
Lupceenitunt cnmsmunicaton smong stakehelders Guoeh as Oxsiigtig, Bexignens, wsbers, amd
thxuneniens). |Jerisii methodobomies for scruzmred requiztnizels analysis 2ml desipn -
fegzd addiciomal midance wward systernz thar cantwed the conventxnl wisidom uf gooe
struciure and provided a coiunon oyrans of coounwnszatim.

{0 Yepitication

(11 Rescarchers develoned o Uwmuretical ke for esting and the wsuls, efthoast: mosly
cegabias, suggested warious heeridtics G resting that more closely spproxiowated am ick-at
whare each regr case meant something with some chanze of Ievealing exmirg or erisd ratiang
riew evidence of vurrestnyse, The following paracraphs elaborare an this informarion.

(L) Mexristic Methodologier—Henristis netlxululugies (min proctice never pirined misch
eeseinch gicenrion nitbouph sbstract dara [YPo® BavE rige Lo phject-grivuel Turiagss ani
metheds 10 add sven mase sbrwelurs =i supmar 10 heusigtic system development. Ecfon in
thiz arcs iz zomewlat Tined wid slesalil be expendun tor sddittor:al aoabysic. A nomber of
importarrt concepts and dicic itrrelutinnzhips need to e explored
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Iopnaioul Sy oy Indieerial Apniiscticnr Vil § 3

(U1 Theoreticn! resnlis—Theoces3=nl r=sulry haes 2l plavecl 2ol in xysten |i=l.~e&:gr-
meat {e.g., data compressico, ermur cormestion. aik) e nplion Algorishuns for Jisk aod
network stospe ad data structuces permit epressntaczon sod senrching of data bosss aod
prooessing ol visual inagad).

(11} Other complexities—Especinlly demaniling ane Ureooroex and siralegies for insring
distribur=d competation 2md dac ca both pliysically dwiriiuiad resnizeces sinl anlripnycegue
eomnuting kysloing

(1)) Xu mater whal techrical sppadch @ apphod in softsane develomaznt. consenn
iniormetion processing neede nrise; moAuaining cenvistercy amnne, amd imelligivility o, an
inrerwoven Joass of duocumeots sxpressing cbe poins of view o wny sakeleklers, with
coirtant change in cattent and aften chenge io smusnme of that mas:, while the sct of
realehnldes: alen chanper ver what may b2 mary yoars of sysrms life. Propramming
envicinunenis buave ewved woaddress dlis ocod! sunerured oditdss, configaration nznspc-
e, decabase represamations, sraphical inlerfuwes, ol ways of counduating work few
amornys, s well as work products of gougs of setion stakeholdees. Pagticolacly inpoint an:
those mssets thes are viewed as woorhy of e hewnin: chesr priject conlext [ey.. snllwame
<ompopeots, dacument wemplite:, Teview ptebouks, ermir zml pmdclivity daa). Mune
rescarch will be dons i thix aren in the fulore.

(M Thread In Practee

(U7 Yet noviber tinoul i practics has heen U prearse atention Gerced nutn the prosess
asprots of £ystern develnpment: how an organivilien Wy and icnoves ils enfrasicucture
and sprrific procedures. While the Jopic-based fosm of mathemahizl appronches ro syyiem
deserintich was metoring. so was another form: etotistical reazoniog abous eorors aad goowth
of rebiabilily iver lime, with e ubjective of groducing indsstrial qualior eontre] ad agsur-
e prictjces.

{U] Thus we hive 1the garing far thig 2rudy aad Mie present repom mathematizal tech-
niancs have bren manming for 25 years white nnn-mathemitcal weclinigues amd penens|
concorne for process bove driven the prasrice, In the past frve year, sparse anscikotin] evi-
dence indicarzd thet fanmal methods were beginging co be wsed in indusirial proktice, Junliog
w spoasorshin of e pecssnr study o determin: veemnurically aod fizmally where these

applizarions wese pocuering, why and how: the methods were beinr used.
(U} What Are Formal Methods?

(U1 Medimicions nl Rinral inenwls ahaand. 1o Uie FME0 Jeroir (Cradpen and Swnees&ill
19%9), lonal anztingls wan: delined as:

“Method: thar add methematical tipor to the develepomens, analysis, aod npzration
of compae gystem: and to applicarions bases thereupon.”

. dTe khiog bul the apphaation of wpoiied marbemarics-in this caze. formal
Jogiz-to the design sod snalysis of wfiwere imenstes systeans.”

(U} lo fwnz cangiest torms, thers has beeo a reodeocy, oo the part of the formal
rmethendy oommnty, ter defie kel muthods 20 wame of a Bilboreseyle sxiamarizetion.
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(U) PATTERN RECOGNITION ALGORITHM

(U) Suppose we have a digitized I xJ image g and that this is convolved with a mask or kernel & of size
(2N + 1) X (2N +1) to form an unscaled image k. The variables involved are defined by Table 1. The process
of optimization, as shown in Fig. 1, comprises a search for the mask kopt in a domain, or set of acceptable
masks, K for which f{G, k) is maximum.

Table 1 — (U) Definitions of Variables

Object Format Class* Domairit

Original Image g=gij) &LjEZ 0<g<@G

<igJ

1<j<J

Convolution Mask | k& = k(m, n}{ k€ R -K<k<K
mn€ Z -NSmsN

*Z the set of all integers and R the set of all real numbers

1G is the maximum grey level in & and K is the maxiraum absolute value for an element of k.

UNCLASSIFIED

Find Mask to
Maximize
Difference

Determine
Optimum
“Threshold

Apply Optimized
Mask to All
Target Images

Training

UNCLASSIFIED

Fig. 1 - (U) Schematic diagram of autonomous target-detection system

(U) The convolution operation & = g + k is commonly defined by

N N
hij)= X X, slitm jen), "
m=-N n=-N

Where a mask is used as a feature detector (as in the current project), it is ncrmal to apply the zero-sum
constraint

N N
Z Z km, n)=0. @

m=-N n=-N

CLASSIFICATION
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Appendix A
FORMAL METHODS TECHNIQUES (U)

(U) SOFTWARE COST REDUCTION (SCR)

(U) The description presented here is based on our understanding of the work performed at
Ontario Hydro (on the Darlington shutdown system). This work includes evolutionary
enhancements to (Henry 1978) by Parnas, his colleagues, and others.

(U) How the Method Works
(U) Representations Used

(U) Tabular representations of software requirements (described in a blackbox manner) and
of program functions. In the latter case, the tables are called “program function tables” and,
essentially, are “strongest post condition” descriptions of a procedure. The strongest post condition
explicitly states how a variable is modified by a procedure. Also included are “linkage tables. ”

(U) The tabular approach to describing software requirements is derived from the work
performed at NRL. For this reason, we call the approach “SCR-style.” The derivation of
program function tables and the use of proofs (described below) were not part of the initial work
on the SCR.

(U) Steps Performed

(U) The Darlington project was generally a reverse engineering exercise. The code already
existed when they developed the specifications and other tables. Proofs were required to
demonstrate that a routine specification was equivalent to the program function description.
Proofs were performed by hand, though it could be mechanized.

(U) Code linkage tables identify how the outputs of a program function table may be used as
inputs to other program function tables. It is through code linkage tables that all the physical
inputs and program variables that have an effect on a physical output are identified. Similar
linkage tables exist for the specification. Hence, linkage tables help to modularize the descriptions
of the specification and code.

(U) Interaction between asynchronous processes was viewed as interprocess 1/0 occurring
via shared data objects. Each process had its own specifications and program function tables.
Processes were analyzed separately and the process interaction was handied separately from
program function table analysis.

(U) Tools Applied

(U) No specific tools exist to support the SCR-style of documentation. Tools are expected to
be developed.

31
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(This appendix is unclassified)
Appendix A
FORMAL METHODS TECHNIQUES

Unclassified appendixes to classified documents may be printed as separate documents if
desired; page and item classification markings are omitted in this case. However, almost all
appendixes are bound in the document and, having been bound together, remain together. Thus,
an unclassified appendix in a classified document must bear page security markings reflecting
the highest security classification used in the document. If the appendixes contain no classified
material (such as headings, text, tables, and figures), they must begin on 2 right-hand page.

CLASSIFICATION
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Appendix

ADDITIONAL TYPOGRAPHICAL COMMENTS

PAPER SIZE 8.5x 11 in.

FONTS

Use a Roman typeface such as Times Roman, New Times Roman, or CG Times. The use of bold and
italic fonts of these typefaces is required to match the specified format.

Title
Text

Heading Level 1

TIMES ROMAN BOLD 12-POINT FULL CAPS

Times Roman 11 point

TIMES Roman BOLD 11-POINT FULL CAPS

Heading Level 2 Times Roman Bold 11-point Initial Caps

Heading Level 3 Times Roman 11-point Italic

Heading Level 4 Times Roman Bold 11-point Initial Caps Indented

Heading Level 5 Times Roman 11-point Indented Initial Caps—run in with
paragraph.

Heading Level 6 Times Roman 11-point Indent=d Initial Cap of 1st word—run in
with paragraph.

Header A—Author’s name(s) Times Roman10-point italic

Header B—Brief title Times Roman 10-point italic

Figure captions Times Roman 9 point

Table titles Times Roman 11 point

Footer A—Manuscript approved  Times Roman 9 point

TABS AND INDENTS

Although tabs and indents may be adjusted to fit the requirements of the document, the following are
recommended basic spacings for tabs and indents:

Ist
2nd
3rd
4th
5th
6th

JUSTIFICATION

SPACES

At end of sentence

After a sequential number

(e.g.,1.,2, 3., etc.)

Inches

0.273
0.438
0.921
1.175
20
275

Full

Single space

Em-space An em-space is equal to the type size in
points. An em-space for 11-point type is
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11 points wide, with no space before or after. (A double space is

acceptable.)
DASHES
Hyphenation Use a regular hyphen or dash
After a figure number
in a caption Em-dash An em-dash is equal to the type size in points. An
em-dash for 11-point type is 11 points wide. Put a
space before and after the em-dash.
To show a range En-dash An en-dash is half of an em dash.
Double dashes (--) Use an em-dash (—).
PAGE NUMBERING
Front matter Lowercase Roman numerals centered at bottom of page 0.5
in. from bottom edge set in 11-point Times Roman.
Page 1 of.text Arabic “1” centered at bottom of page, 0.5 in. from bottom
edge set in 11-point Times Rornan.
All other text pages Arabic numbers part of headers A and B set in 10 point
Times Roman at outer margins: odd pages (header A) are flush
right, even pages (header B) are flush left.
EXECUTIVE SUMMARY Arabic numbers starting with E-1 centered at bottom of page

0.5 in. from bottom edge set in 11-point Times Roman.

MULTILINE FIGURE CAPTIONS
If a figure caption is two lines long, the second line is centered under the first caption line, including the

Jigure number. If the figure caption is three or more lines long, the lines are typed full-figure width, same as
the first line of the caption, including the figure number.

MULTILINE TABLE TITLES

If a table title is more than one line long, subsequent lines are centerad under the complete first line of
the title, including the table number.

PARAGRAPH NUMBERING

Paragraphs generally are not numbered. However, if paragraph numbering is required for reference
purposes, then use the numeric decimal system as follows with an em-space between the number and the
heading or text.




